Since programming concepts do not match their syntactic representations, code search is a very tedious task. For instance in Java or C, array doesnt match [], so using array as a query, one cannot find what they are looking for. Often developers have to search code whether to understand any code, or to reuse some part of that code, or just to read it, without natural language searching, developers have to often scroll back and forth or use variable names as their queries. In our work, we have used Stackoverflow (SO) question and answers to make a mapping of programming concepts with their respective natural language keywords, and then tag these natural language terms to every line of code, which can further we used in searching using natural language keywords.
Introduction
In many community-based information web sites, such as Stack Overflow, users contribute content in the form of questions and answers, which allows others to learn through the contributions of the community.
In our project we intend to use Stack Overflow as a tool to improve source code search.
We focus on questions related to Java for research purposes. We consulted the paper "Ranking Crowd Knowledge to Assist Software Development" which categorizes all the questions in 4 types. We realized that categorization of questions could be good step in solving our problem.
The questions were categorized into broadly 4 categories: Debug, How To Do It, Seeking Different Solution and Need To Know/Conceptual. Searching in code is often done by developers, where looking through thousands of lines of code to find things is not only time consuming but also tiring. Developers always need to search for code fragments when they write code, or when they want to debug, look up code fragments to reuse or try to understand somebody else's code. In our work we create a mapping of programming concepts with their syntactical patters using StackOverflow question and answers.
We created it using three major steps: Entity Discovery: Parts of Speech (POS) technique is used to discover more entities, Mapping Creation: In this we extract syntactical patters matching their programming concepts, Entity Linking: Finally, each line of source code is annotated with it's associated natural language terms using the mapping created, which further allows keyword based searching.
Literature Survey

Word2Vec
Word2Vec is a two layered neural that is trained to represent a word. For input it requires a huge corpus of text. And its output is a vector for the words present in the input corpus. The word vectors even carry the contextual information for each of the word. One typical example of how fantastic the technique can work is that in vector representation "King" -"Man" + "Woman" = "Queen".
Doc2Vec
Doc2vec adapts word2vec to a paragraph or a document. It represents a document by a ndimensional vector. Each paragraph is often represented by a tag and this tag can be used to find similar documents by their tag. It is often used for document level matching.
Topic Modelling
Topic modelling is an unsupervised algorithm used in text mining that can extract topics from a given text. Topic modelling is typically done by using LDA. It is able to generate topics that may be hidden in the intricacies of the article.
Latent Dirichlet Allocation (LDA)
LDA assumes that there is some distribution of topics in the document that generate any words and hence particular document. Initially, any random topic distribution is assumed. Then, for each document the mixture of topics is found. Then, assuming the underlying distribution of topics, the probability of getting that document is generated. This is done over several iterations ultimately getting a stable generative model.
Term frequency
There are several ways to incorporate the frequency of any word in its weight. A typical way is to simply use the frequency count of that word as its term frequency.
Inverse document frequency
This term penalises the weight if it appears in several document. It measures how important a given term could be in the entire document depending on how rare it is. Mathematically, it is written as
where N is the total number of documents and D represts all the documents.
Term frequency Inverse document frequency
Tf-idf is finally computed simply as the product of tf and idf for any given word.
Dataset and Preprocessing
We chose java as the topic for research purpose. Although, at times the questions were further rewritten to test various techniques.
We adopted the following preprocessing steps 1. Lemmatization: The goal of lemmatization is to reduce inflectional forms and sometimes derivationally related forms of a word to a common base form.
Tokenizing:
We tokenized the documents to its words.
3. Stop Words Removal: Typical words like the, is do not carry much meaning and are called stop words. We removed stop words in some of the techniques.
Entity Discovery: We started off with 20 manually taken entities that belonged to "Java" language from Tutorialspoint, and then ran it over questions obtained from posts having Tag as "java".
Entity-Profile Construction: In this we require SO posts, which are have tag attribute of specific language (in our case we have taken the language Java), and has at least one code snippet.
For this we had taken 7500000 posts( 15 files of 500000 posts each ), and after processing we obtained 110000 posts, which had tag of "Java" and contained at least one code snipper per post.
Categorization of questions
We started with the paper Ranking Crowd Knowledge to Assist Software Development which discusses the categorization of questions into different types and finds the characteris- //en.wikipedia.org/wiki/Wikipedia:WikiProject_Java/List_of_articles. We ensured that noise level is low so that there is not much difference in results. to We kept no of topics equal to 4 initially as discussed in the paper.
Results
Topic Modeling with 4 topics (LDA model) Our aim was to find 4 topics but the result was not satisfactory as the words similar to the top words for each topic was not good for classifying questions. However, we found that topics were created around the concepts of java eg. topics related database, networking etc.
Word2Vec and Doc2Vec
In the paper they did categorization of questions into four categories from where we discovered the the top word corresponding to the each category as follows :
Question Category Top Word found
Debug debug
Need To Know explain
How to do it implement
Seeking different solution suggest
We need to set the context window which determines how many words before and after a given word would be included as context words of the given word.
We ran Word2Vec for context window size of 10. Then we found the most similar words from the model trained corresponding to the top words found above. Here also, as above WikiPedia articles were used. The vectors obtained can be used to find a word similar to a given word, or to perform clustering. 
Results of Word2Vec
Results of Doc2Vec
The numerical value against each word indicate how similar it is to the top word of that category/topic. 
Classifying
We applied classifiers such as Naive Bayes, Logistic Regression and LSTM to predict the result.
For the evaluation( of 4000 posts data ), we kept 80% data as training data i.e. 3200 samples and 20% data for testing i.e. 800 samples per class. After we got a list of words and the different words to which they are similar, we manually annotate the data according the class we want.
The How-to-do-it category is very close to scenario in which a developer has a programming task at hand and need to solve it. For this reason, in our approach, we only consider Q&A pairs that are classified as How-to-do-it. 
Approach
Our objective is to automatically tag each line of a given source code, in such a manner that the line matches its associated named entity. To achieve this, we used:
(1) Entity Discovery, (2) Entity Profile Construction (3) Entity Linking.
Entity Discovery
We extracted 20 entities from TutorialsPoint, and then applied this scheme to extract more. So, what we did was for each entity which appears in title of question, we extracted those questions.
Then divided this data into 80% and 20%. For the 80% data, we did POS tagging of questions, and then used those patterns which have a minimum support of 0.1 (normalized). For each pattern we saw if it existed in 20% of data, and if yes we added it in vector. Now, we sorted all the generated patterns from maximum to minimum, and then took 5 first distinct entities.
After discovering 5 entities from a pattern, we stopped to remove redundancy and avoid not so useful entities. We could extract 2000( 200 of which are useful ) more useful entities after this.
Entity Profile Construction
In this step, we create a profile for each entity that we had discovered, by matching them to their respective syntactical patters.
If we are interested in the entity conditional, so condition would have syntactical structure composed of a few tokens, now this structure would be repeated across multiple codes which would be attached to the keyword conditional.
So we want to discover these patterns in source code that are associated with specific entities (like array or conditional). For array we see that it can be best matched with, [ ], whereas conditional could be best matched with, if ( ).
We need to identify the most appropriate n-grams that represent a specific entity from dataset.
So we use the TF-IDF over n-grams to identify the syntactic patterns that are most associated with a given entity. To compute term frequency tf (t,g) of an n-gram g, we use the SO posts containing the entity name in title (Table 5 .1). For IDF computation, we use all SO posts.
Thus, we use the TF-IDF weight = tf (t, g) x log |D|/ df(g) , where |D|-the total number of posts in SO and df(g) is the number of such posts containing the n-gram, g. Table 5 .2 shows the results of these steps for a few entities. 
Results for Entity Profile Construction
Entity Linking
In this step, we annotate every line of a given source code, by the entity names that appear in that line.
Every line of code is cleaned by removing user defined terms, to just focus on programming keywords. After the line is read and cleaned, we start with treating each term being a uni-gram and then switch to bi-grams, tri-grams, and so on, until all the n-grams are covered.
syntactical patterns of that entity (from Entity-Profile created) and determine if they match.
Once an entity has been determined for a line of code, we annotates that line with the entity name as a comment. This further helps in searching within a source code by using regular keywords. A given line can have multiple entities, however we need to mark the most relevant one. Therefore to keep it concise, we have annotated no more than four entities per line. 
Results of Entity Linking
Performing Search
We used Apache Lucene for this. Lucene takes all the documents, splits them into words, and then builds an index for each word. The index contains word id, number of docs where the word is present, and the position of the word in those documents. So when given a single word query, it just searches the index and returns the result. For multi-word query just take the intersection of the set of files where the words are present.
